CHAPTER 57 

Examination of the 
Musculoskeletal System 


KEY TEACHING POINTS 

In patients with shoulder pain, the presence of a painful arc increases 
the probability of rotator cuff tendinitis, and a positive dropped arm test 
and infraspinatus weakness increase the probability of rotator cuff tear. 
Combinations of findings increase accuracy of diagnosing rotator cuff 
tear. 

In patients with hip pain, the following findings increase probability of hip 
osteoarthritis: limitation of internal rotation (< 15 degrees), posterior hip pain 
during a squat, and groin pain during hip abduction or adduction. 

In patients with knee pain, the following findings increase the probability of 
knee osteoarthritis: palpable osteophytes, genu varum, and stiffness lasting 
less than 30 minutes. 

In patients with trauma to the knee, all of the traditional signs of ligament inju¬ 
ries (drawer signs, Lachman sign, collateral ligament laxity tests) are accurate 
when positive. 

In patients with blunt trauma to the knee, ankle, or midfoot, Ottawa rules 
specific to each area accurately exclude clinically important fractures. 

Three signs accurately diagnosis Achilles tendon rupture: the calf squeeze 
test, the knee flexion test, and palpating a gap in the tendon itself. 


Examination of the musculoskeletal system includes inspection (for joint swelling, 
redness, and deformity), palpation (for joint warmth, tenderness, and crepitus*), 
and investigation of the joint’s range of motion. Of these tests, range of motion is 
the most sensitive indicator of joint disease. The normal range of motion of joints 
is presented in Table 57.1. 

Joint pain may originate in the joint itself (i.e., articular disease) or in extra- 
articular structures, such as tendons, ligaments, bursae, or nerves. Articular disease 
characteristically causes swelling and tenderness that surrounds the entire joint and 
limits its entire repertoire of motion, during both active and passive movements. 
In contrast, extra-articular disease causes swelling and tenderness localized to par¬ 
ticular regions of the joint, affecting some aspects of the joint’s range of motion 
while sparing others. Extra-articular disease also tends to limit active joint move¬ 
ments (i.e., voluntary movements) more than passive ones (i.e., movements with 
the muscles relaxed). 


* Crepitus is a vibratory sensation felt over joints during movement. 
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TABLE 57.1 Normal Range of Motion of Joints 1 


Joint 

Flexion/Extension 

Abduction/Adduction 

Rotation 

Shoulder 

180 degrees 

180 degrees (abduc¬ 
tion) 

45 degrees (adduc¬ 
tion, across body) 

90 degrees 

(internal rotation) 

90 degrees 

(external rotation) 

Elbow 

150 degrees 
(humeroulnar) 

— 

180 degrees 
(radiohumeral) 

Wrist and carpal 
joints 

70 degrees 

(wrist extension) 
80-90 degrees 
(palmar flexion) 

50 degrees (ulnar 
deviation) 

20-30 degrees 
(radial deviation) 


Fingers (MCR PIR 
and DIP joints) 

90 degrees (MCP) 

120 degrees (PIP) 

80 degrees (DIP) 

30-40 degrees (MCP 
combined abduc¬ 
tion/adduction) 


Hip 

10-20 degrees 
(extension) 

120 degrees (flex¬ 
ion, knee flexed) 

40 degrees 
(abduction) 

25 degrees 
(adduction) 

40 degrees 

(internal rotation) 

45 degrees (external 
rotation)* 

Knee 

1 30 degrees 

— 

— 

Ankle and feet 

45 degrees 

(plantar flexion) 

20 degrees 
(dorsiflexion) 


30 degrees 
(inversion) 

20 degrees 
(eversion) 


*lnternal and external rotation if hip and knee flexed; less if hip and knee extended. 
DIR Distal interphalangeal; MCP, metacarpophalangeal; PIP, proximal interphalangeal. 


In joints lacking normal alignment, dislocation implies complete lack of contact 
between the two articular surfaces, whereas subluxation implies residual contact 
but abnormal alignment. In a valgus deformity the distal part of the limb is directed 
away from the body midline (e.g., genu valgum of knock-knees; or hallux valgus of 
bunions). In a varus deformity the distal part is directed toward the body midline 
(e.g., genu varum of bowlegs). A recurvatum deformity describes abnormal hyper¬ 
extension of a joint (e.g., genu recurvatum of back-kneed individuals, common in 
patients with chronic quadriceps weakness, see Chapter 7). 

An attentive physical examination is fundamental to musculoskeletal diagno¬ 
sis because, in contrast to other organ systems, the diagnostic standard for many 
musculoskeletal disorders is the bedside findings (Table 57.2 and Chapter 1). For 
example, in patients with symmetric arthritis of the wrists and hands, ulnar devia¬ 
tion of the metacarpophalangeal joints, and swan neck deformities of the fingers, 
the diagnosis of rheumatoid arthritis is almost certain whether or not the serologic 
rheumatoid factor is present (if absent, the patient has seronegative rheumatoid 
arthritis). Instead of focusing on such syndrome-defining findings (for which calcu¬ 
lating likelihood ratios [LRs] is impossible), this chapter will focus on those disorders 
of the shoulder, hip, knee, and ankle for which diagnosis relies on clinical imaging 
or surgical findings (e.g., osteoarthritis and orthopedic injuries). Other chapters of 
this book review stance and gait (see Chapter 7), back pain (see Chapter 64), and 
hand pain (see Chapter 64). 
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TABLE 57.2 Abnormal Articular Findings and Implied Diagnosis* 
Finding Diagnosis 


SHOULDER 


Inspection: 

Flattening of rounded lateral aspect of shoulder 
Swelling over anterior aspect 

ELBOW 

Inspection: 

Localized cystic swelling over olecranon 
Swelling obscuring para-olecranon grooves 
Nodules over extensor surface of ulna 

Palpation: 

Elbow pain and tenderness over lateral epicondyle 
Elbow pain and tenderness over medial epicondyle 

WRISTS AND CARPAL JOINTS 

Inspection: 

Firm, painless cystic swelling, often located over 
volar or dorsal wrist 

Thickening of palmar aponeurosis, causing flexion 
deformity of MCP joints (fourth finger > fifth 
finger > third finger) 

Abnormal prominence of distal ulna 


Nonpitting swelling proximal to wrist joint, sparing 
joint itself; associated clubbing of digits 

Special Tests: 

Flexion and extension of digits causes snapping or 
catching sensation in palm 
Finkelstein test: pain when patient makes fist with 
fingers over thumb and bends the wrist in an 
ulnar direction 
FINGERS 
Inspection: 

Loss of normal knuckle wrinkles 
Loss of “hills and valleys” appearance of metacar¬ 
pal heads 

Ulnar deviation at metacarpophalangeal joints 
Swan neck deformity (flexion at MCP joint, hyper¬ 
extension of PIP joint, flexion of DIP joint) 
Boutonniere deformity (flexion of PIR hyperexten¬ 
sion of DIP) 

Osteophytes: Heberden nodes at DIR Bouchard 
nodes at PIP 


Anterior dislocation 
Glenohumeral synovitis; synovial 
cyst 


Olecranon bursitis 
Elbow synovitis 

Gouty tophi; rheumatoid nodules 

Lateral epicondylitis (tennis elbow) 
Medial epicondylitis (golfer’s 
elbow) 


Ganglion (synovial cyst) 
Dupuytren contracture 


Subluxation of ulna (from chronic 
inflammatory arthritis, especially 
rheumatoid arthritis) 
Hypertrophic osteoarthropathy 


Trigger finger (flexor tenosynovitis) 

Tenosynovitis of long abductor and 
short extensor of thumb (de 
Quervain stenosing tenosynovitis) 


PIP or DIP synovitis 
MCP synovitis 

Chronic inflammatory arthritis 
Chronic inflammatory arthritis, 
especially rheumatoid arthritis 
Detachment of central slip of 
extensor tendon to PIR common 
in rheumatoid arthritis 
Osteoarthritis 


Continued 
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TABLE 57.2 Abnormal Articular Findings and Implied Diagnosis*—cont’d 
Finding Diagnosis 


Mallet finger: flexion deformity of DIP Detachment of extensor tendon 

from base of distal phalanx or 
fracture 


“Telescoping” or “opera-glass hand”: 

shortening of digits and destruction of IP joints 

HIP 


Arthritis mutilans, in rheumatoid or 
psoriatic arthritis 


Inspection: 

Trauma, hip externally rotated 

Trauma, hip internally rotated 

Pelvic tilt (imaginary line through the anterior 
iliac spines is not horizontal) 

Palpation: 

Hip pain, tenderness localized over greater 
trochanter 

Hip pain, tenderness localized over middle third 
of inguinal ligament, lateral to femoral pulse 

Hip pain and tenderness localized over ischial 
tuberosity 

KNEE 


Femoral neck fracture; anterior 
dislocation 
Posterior dislocation 
Scoliosis; anatomic leg-length 
discrepancy; hip disease 


Trochanteric bursitis 

Iliopsoas bursitis 

Ischiogluteal bursitis (weaver’s 
bottom) 


Inspection: 

Localized tenderness and swelling over patella 
Generalized swelling of popliteal space 


Genu varum and genu valgum 

Palpation: 

Knee pain and tenderness localized over medial 
aspect of upper tibia 

Distressed reaction if patella moved laterally 
(apprehension test) 

ANKLE AND FEET 


Prepatellar bursitis (housemaid’s 
knees) 

Baker cyst (enlarged semimembra¬ 
nosus bursa, which communi¬ 
cates with knee joint) 

See text 


Anserine bursitis 
Recurrent patellar dislocation 


Inspection: 

Flattening of longitudinal arch 
Abnormal elevation of medial longitudinal arch 
Outward angulation of great toe with prominence 
over medial first MTP joint (bunion) 
Hyperextension of MTP joints and flexion of PIP 
joints 

Palpation: 

Nodules within Achilles tendon 
Foot pain, localized tenderness over calcaneal 
origin of plantar fascia 

Foot pain, localized tenderness over plantar sur¬ 
face of MT heads 


Pes planus 
Pes cavus 
Hallux valgus 

Hammer toes 


Tendon xanthoma 
Plantar fasciitis 

Metatarsalgia 


Continued 
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TABLE 57.2 Abnormal Articular Findings and Implied Diagnosis*—cont’d 
Finding Diagnosis 


Forefoot pain, tenderness between second and Morton interdigital neuroma 
third toes or between third and fourth toes 
Ankle pain, dysesthesias of sole, aggravated by Tarsal tunnel syndrome 
forced dorsiflexion and eversion of foot 

^Special tests of the shoulder, hip, knee, and ankle are discussed in the text. 

DIR Distal interphalangeal; MCP, metacarpophalangeal; MT, metatarsal; MTR metatarsophalangeal; 
PIP, proximal interphalangeal. 


THE SHOULDER 


I. INTRODUCTION 

Shoulder pain is the third most common musculoskeletal complaint (the first two 
are back pain and knee pain).- The shoulder is vulnerable to pain because it is the 
only location in the human body where tendons (i.e., the rotator cuff tendons 1 ) 
pass between moving bones (i.e., the acromion and humerus). This anatomy grants 
the shoulder great flexibility but also renders the rotator cuff tendons and accompa¬ 
nying bursa susceptible to inflammation, degeneration, and tears. 

One popular method of classifying shoulder pain (see Table 57.3), based on the 
work of the British orthopedic surgeon James Cyriax,’’ 6 distinguishes the causes 
of shoulder pain by location of pain, range of passive motion, strength of rotator 
cuff muscles, and painful arc (i.e., pain during arm elevation between the angles of 
70 and 100 degrees, angles at which compression of the subacromial tissues is the 
greatest). Using this classification, 5% to 12% of patients with shoulder pain have 
capsular syndromes, 17% acute bursitis, 5% to 11% acromioclavicular syndromes, 
47% to 65% subacromial syndromes, and 5% to 10% referred shoulder pain (e.g., 
cervical disc disease or myofascial pain). 5 ' 8 

Nonetheless, some clinicians have questioned the utility and accuracy of this 
classification, for several reasons: (1) most shoulder syndromes are treated simi¬ 
larly with antiinflammatory medications, injections, and physical therapy, no mat¬ 
ter what the diagnosis is 5 ; (2) different shoulder syndromes are indistinguishable 
from the patient’s perspective, causing similar pain and disability over time; 5,6 (3) 
if patients are examined a second time, the specific diagnosis often changes; 6 and 
(4) legions of bedside tests have been proposed to diagnose shoulder disorders (one 
website lists 129 tests 6 ), and new ones continue to appear, 10 suggesting that a com¬ 
prehensive understanding of shoulder pain is still lacking. 

Nonetheless, the bedside examination continues to play an important role in 
patients with shoulder pain, especially in distinguishing intrinsic shoulder syn¬ 
dromes from disorders causing referred pain, and in identifying rotator cuff tears, a 
condition sometimes requiring surgical repair. These subjects are the focus of this 
section. 


'The tendons of the supraspinatus, infraspinatus, subscapularis, and teres minor muscles make 
up the rotator cuff. 
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TABLE 57.3 

Shoulder Syndromes 




Location of 

Range of Passive 


Syndrome 

Pain 

Motion 

Other Findings 


Capsular syndromes Outer arm 

Adhesive capsulitis 
Glenohumeral arthritis 

Acute bursitis 1- Outer arm 

Acromioclavicular pain Point of 

shoulder 


Subacromial syndromes^ Outer arm 
Rotator cuff tendonitis 
Rotator cuff tear 


Limited* (all motions 
limited, especially 
external rotation 
and abduction) 
Limited* (abduction 
especially limited) 
Normal 


Normal 


Tenderness of acro¬ 
mioclavicular joint 
Pain worse during 
adduction of arm 
across body 
Painful arc 
Rotator cuff muscle 
strength: 

Normal in 
tendonitis 
Weak in rotator 
cuff tears 


*One way to test for limitation of passive motion is to ask the patient to bend over and try to 
touch his or her toes. In those with normal shoulder passive motion, the arms dangle toward the 
floor. 

tAcute bursitis and subacromial disorders both represent disorders of the subacromial space, but 
bursitis causes inflammation and swelling that is more acute and severe, thus limiting motion. 
Based upon references 3-5. 


II. THE FINDINGS 

A. IMPINGEMENT SIGNS 

Impingement signs reproduce subacromial pain by compressing the rotator cuff 
tendons between the head of the humerus and acromion. Of the many different 
impingement signs, the most popular are the Neer impingement sign and Hawkins 
impingement sign (Figs. 57.1 and 51.2). Both of these maneuvers were originally 
introduced to select patients for specific surgical procedures. The Neer maneuver 
forces the humerus (and overlying rotator cuff tendons) against the anterior acro¬ 
mion, which Neer proposed resecting (i.e., anterior acromioplasty) in patients 
with persistent pain. 1! The Hawkins maneuver forces the greater tuberosity of the 
humerus against the coracoacromial ligament (the ligament forming the anterior 
roof over the rotator cuff). If patients develop pain during this maneuver and sur¬ 
gery is contemplated, Hawkins believed the coracoacromial ligament should be 
resected. 1 ’ 

B. YERGASON SIGN 

The Yergason sign (Fig. 57.3) has traditionally been associated with bicipital ten¬ 
donitis, as if that were an isolated entity, but in fact most patients with inflamma¬ 
tion of the biceps tendon also have disease of the rotator cuff. This occurs because 
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FIG. 57.1 NEER IMPINGEMENT SIGN. 1 The clinician prevents scapular motion with one 
hand and uses the other hand to raise the patient's arm in forward flexion, a position that presses the 
greater tuberosity of the humerus against the acromion. 11,12 Neer believed his sign was nonspecific 
(i.e., shoulder pains of all types worsened with this maneuver), but he taught that subacromial pain 
was the only shoulder syndrome whose positive impingement sign disappeared after injection of 
lidocaine into the subacromial space. 



FIG. 57.2 HAWKINS IMPINGEMENT SIGN. 3 The clinician stands in front of the patient, 
flexes both the patient’s shoulder and elbow to 90 degrees, and then internally rotates the patient’s 
arm, a position that presses the greater tuberosity against the coracoacromial ligament. 1 2 
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FIG. 57.3 YERGASON SIGN. 14 The clinician stands in front of the patient, flexes the patient’s 
forearm 90 degrees at the elbow, and pronates the patient's wrist. The clinician then asks the 
patient to supinate the forearm against resistance (i.e., turn forearm in the direction of the arrow). 
Pain indicates a positive test, implying inflammation of the long head of the biceps tendon (the main 
supinator of the forearm). 


progressive subacromial impingement causes wearing away of the supraspinatus ten- 
don and underlying capsule, which then exposes the long head of the biceps tendon 
and subjects it to the same injurious forces. Indeed, most tears of the biceps tendon 
are associated with advanced rotator cuff disease. 11,15,16 

C. SPEED TEST 

Like the Yergason sign, the Speed test (Fig. 57.4) was originally developed to idem 
tify pain originating in the bicipital tendon, ; but studies apply the test now to the 
diagnosis of subacromial impingement syndromes in general. 

D. MUSCLE ATROPHY 

The clinician detects atrophy of the supraspinatus or infraspinatus muscles by 
inspecting the posterior scapula on the symptomatic side and noting any increased 
prominence of the scapular spine when compared with the contralateral side. 
Atrophy of these muscles may appear as soon as 2 to 3 weeks after a rotator cuff 
tear. 

E. MUSCLE TESTING 

The most important muscles to test in suspected tears of the rotator cuff are the 
supraspinatus muscle (involved in most rotator cuff tears) and the infraspinatus 
muscle (involved in 11% to 45% of tears). 1 '’ 14 The supraspinatus muscle abducts 
the shoulder, and the infraspinatus externally rotates it. Figs. 57.5 and 57.6 describe 
testing the strength of these muscles. 
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FIG. 57.4 SPEED TEST The patient flexes the shoulder forward to 60 to 90 degrees, with his 
or her elbow extended and arm fully supinated (i.e., palm up), as the clinician applies a downward 
force. Pain in the shoulder (in the bicipital groove) is the positive response. 



FIG. 57.5 SUPRASPINATUS TEST (EMPTY CAN TEST, JOBE TEST). 19 The clinician stands 
in front of the patient and elevates the patient’s arms to 90 degrees in the plane of the scapula 
(i.e., scaption, midway between forward flexion and sideways abduction). The patient’s arms are 
internally rotated with thumbs pointing down (as if emptying a can). The patient is asked to hold this 
position and resist attempts to lower the arms to the side. Some investigators propose testing the 
supraspinatus muscle in a slightly different way, with the arms externally rotated and thumbs point¬ 
ing up (i.e., full can test), because this position causes less pain than the empty can test. In clinical 
studies, both versions have similar diagnostic accuracy. 18,20 
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FIG. 57.6 INFRASPINATUS TEST. The clinician stands in front of the patient, and the patient's 
arms are at his or her side with elbows flexed 90 degrees and thumbs up. The examiner places his 
or her hands outside those of the patient's and directs the patient to move his arms out (i.e., direc¬ 
tion of arrow), resisting the clinician's opposing inward pressure. 2 


F. DROPPED ARM TEST 

The examiner abducts the patient’s arm as far as possible and releases it, asking the 
patient to lower the arm slowly back down to the side. In patients with a positive 
test, indicating rotator cuff tear, the patient lowers the arm smoothly until approxi¬ 
mately 100 degrees, after which the smooth movements become irregular and the 
arm may fall suddenly to the side. 22 

The dropped arm test becomes positive below angles of 100 degrees, not because 
the supraspinatus is the most powerful abductor at this angle, 1 but because the rota¬ 
tor cuff muscles must be intact to pull the humeral head tightly against the glenoid 
fossa, creating a fulcrum that allows the deltoid to smoothly lower the arm. 

G. PALPATING ROTATOR CUFF TEARS 

Early descriptions of rotator cuff tears emphasized the importance of actually pal¬ 
pating the tear, just anterior to the acromial edge and through the deltoid muscle 

(Fig. 57. 7). 23 

H. CROSSED BODY ADDUCTION TEST (SCARF TEST) 

By crossing the arm horizontally maximally across the chest (Fig. 57.8), compres^ 
sion of the ipsilateral acromioclavicular joint occurs. 


*The supraspinatus muscle is responsible for only the initial 30 degrees of abduction, whereas 
the deltoid muscle (uninvolved in rotator cuff disease) accounts for abduction between 30 
and 180 degrees. 
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Acromion 




FIG. 57.7 PALPATION OF ROTATOR CUFF TEARS. The clinician stands behind the patient, 
and the patient’s arm is relaxed at the side with elbow flexed 90 degrees. The clinician palpates just 
below the patient’s acromion with one hand and holds the patient’s forearm with the other. The 
clinician then gently extends the patient’s arm as far as possible and rotates the shoulder internally 
and externally to fully reveal the greater tuberosity and attached tissues. In patients with tears of the 
supraspinatus tendon (which inserts on the greater tuberosity), the clinician detects both an abnor¬ 
mal eminence and an abnormal sulcus posterior to this eminence. The abnormal eminence is the 
greater tuberosity with attached remnant of tendon, and the sulcus just behind it is the actual rent in 
the supraspinatus tendon. Comparison with the contralateral shoulder helps to determine whether 
the suspected tear is real or not. 



FIG. 57.8 CROSSED BODY ADDUCTION TEST. The clinician maximally adducts the 
patient’s arm (ipsilateral to the symptomatic shoulder) across the patient’s chest. Pain in the symp¬ 
tomatic acromioclavicular joint is the positive response. 
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III. CLINICAL SIGNIFICANCE 


A. ACROMIOCLAVICULAR JOINT PAIN 

In patients with shoulder pain a positive crossed body adduction test increases prob¬ 
ability of acromioclavicular joint pain (LR = 3.7; EBM Box 57.1) and its absence 
decreases it (LR = 0.3). Acromioclavicular joint tenderness and compression ten¬ 
derness are diagnostically unhelpful (LRs not significant). 

B. ROTATOR CUFF TENDONITIS 

According to the LRs in EBM Box 57.1, the findings that increase probability of 
rotator cuff tendonitis the most are positive painful arc (LR = 2.9), Yergason sign 
(LR = 2.8), and positive Speed test (LR = 1.9). The diagnostic accuracy of Yergason 
sign and Speed test emphasizes again the association between biceps tendon pain 
and rotator cuff disease (see the section on Yergason sign). 

The presence of Neer or Hawkins impingement sign fails to change the prob¬ 
ability of rotator cuff tendonitis much (LRs = 1.6 to 1.7), simply because shoulder 
pain of all types worsens during these maneuvers (i.e., specificity is low, and there 
are many false positives. Nonetheless, these studies did not repeat the impingement 
signs after lidocaine injection as Neer originally proposed, a maneuver that might 
improve specificity). The absence of Hawkins sign (LR = 0.3) and the absence of 
both impingement signs (LR = 0.1) significantly decreases probability of subacro¬ 
mial disease. 

C. ROTATOR CUFF TEARS 

1. INDIVIDUAL FINDINGS 

In patients with shoulder pain, the bedside findings increasing the probability 
the most are age of 60 years or older (LR = 3.2), positive dropped arm test (LR 
= 2.9), and infraspinatus weakness (LR = 2.6). The positive supraspinatus test 
increases probability slightly, and diagnostic accuracy is similar whether the 
clinician regards the positive response to be weakness (LR = 2) or pain (LR 
= 1.7). Age of 39 years or younger (LR = 0.1) decreases probability of rotator 
cuff tear. 

Although the reported diagnostic accuracy of palpating actual rents in the 
supraspinatus tendon is impressive (positive LR = 10.2, negative LR = 0.1; see EBM 
Box 57.1), these LRs have been derived from examinations by orthopedic surgeons 
who have comprehensive understanding of the anatomy of the shoulder and con¬ 
siderable experience treating shoulder pain.'’ Whether other practitioners will 
duplicate this accuracy is unknown. 

2. COMBINED FINDINGS 

Two investigations of rotator cuff tears that combined clinical findings dem¬ 
onstrate superior diagnostic accuracy. Each focused on three clinical findings. 
Murrell-- combined (1) impingement signs, (2) supraspinatus weakness, and (3) 
infraspinatus weakness, and Park- 7 combined (1) Hawkins sign, (2) painful arc, 
and (3) infraspinatus weakness. When all three signs are present, the probability 
of rotator cuff tear is greatly increased (LR = 48 for the Murrell findings; LR 
= 15.9 for the Park findings; EBM Box 57.2), whereas when all three signs are 
absent, probability is greatly diminished (LR = 0.02 for the Murrell findings; LR 
= 0.2 for the Park findings). 
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EBM BOX 57.1 


Shoulder Pain—Individual Findings 


Finding 
(Reference) 1 

Sensitivity 

(%) 

Specificity 

(%) 

Likelihood Ratio 11 
if Finding Is 

Present 

Absent 

Detecting Acromioclavicular Joint Pain 
Acromioclavicular joint 96 

10 

NS 

NS 

tenderness 8 

Tenderness with compres- 

79 

50 

NS 

NS 

sion of acromoclavicular 
joint 8 

Crossed body adduction 

77 

79 

3.7 

0.3 

test 24 

Detecting Rotator Cuff Tendinitis 

Neer impingement sign 25 ' 28 68-89 

32-69 

1.6 

0.5 

Hawkins impingement 

72-93 

26-66 

1.7 

0.3 

sign 25 ' 28 

Hawkins or Neer impinge^ 

96 

41 

1.6 

0.1 

ment sign 26 

Yergason sign 25 

37 

87 

2.8 

0.7 

Speed test 25,27 

38-69 

55-83 

1.9 

0.7 

Painful arc 25,27,28 

32-74 

80-82 

2.9 

NS 

Detecting Rotator Cuff Tear- 

—Individual Findings 



Age 22 

<39 years 

5 

58 

0.1 

— 

40-59 years 

34 

— 

NS 

— 

>60 years 

62 

81 

3.2 

— 

Supraspinatus atrophy 21 

55 

73 

2.0 

0.6 

Infraspinatus atrophy 21 

55 

73 

2.0 

0.6 

Painful arc 21 ' 27 ’ 29 

39-97 

10-84 

NS 

0.5 

Neer impingement 

59-88 

43-82 

1.7 

NS 

sign 26,27 ’ 29 

Hawkins impingement 

53-83 

48-77 

1.6 

0.6 

sign 26 ' 27 ’ 29 

Supraspinatus testing causes 

63-85 

52-60 

1.7 

0.4 

pain 16 ’ 18 ’ 20 

Supraspinatus weak' 

32-84 

51-89 

2.0 

0.6 

ness 18 - 20 - 21 ’ 27 ’ 29 ' 31 

Infraspinatus weakness 21,27,29 

16-76 

57-84 

2.6 

0.6 

Dropped arm test 22,27,29 

6-35 

87-98 

2.9 

NS 

Palpable tear 32,33 

91-96 

75-97 

10.2 

0.1 


Continued 
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*Diagnostic standard: For acromioclavicular joint pain, reduction of pain after injecting lidocaine 
into the acromioclavicular joint; for rotator cuff tendonitis, reduction of pain after injection of the 
subacromial space with lidocaine 25 or subacromial bursitis at arthroscopy; 26 " 28 for rotator cuff tear, 
arthrography, 21,27 magnetic resonance imaging, 18,20,29 ultrasonography, 31 or surgery (arthroscopy 
or open repair). 1 6 , 22 , 26 , 30 , 32,33 

■^Definition of findings: For tenderness with compression of the acromioclavicular join t, the clinician 
stands behind the patient and compresses the joint by placing his or her thumb over the patient’s 
posterolateral acromion and index/middle fingers on the patient's midclavicle. 8 
^Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 

NS, Not significant. 

Click here to access calculator 


ACROMIOCLAVICULAR JOINT PAIN 

Probability 

Decrease Increase 

-45% -30% -15% +15% +30% +45% 


LRs 


0.1 0.2 0.5 1 2 5 10 LRs 

_l_I_ I. . . I _I_ I . . I _I_L. 


Crossed adductor test negative 


Crossed adductor test positive 


ROTATOR CUFF TENDONITIS 


Probability 

Decrease Increase 


-45% -30% -15% 

+ 15% 

+30% 

+45% 


0.1 0.2 0.5 i 

i i i . i i i i i . i 

2 

i 1 ,,i 

5 

■ i i i 

10 

III ill 

LRs 

... 






Absence of both impingement signs j Painful arc 

Yergason sign 


ROTATOR CUFF TEAR 

Probability 

Decrease Increase 


-45% -30% -15% 

+15% 

+30% 

+45% 

0.1 0.2 0.5 i 

_ 1 _ 1 _J— 1 l_UU^jJ - 

2 

• i i 

5 

. i . . 

10 

_ i_l _ i_ 


LRs 


Age <39 years 
Absence of palpable tear 


LRs 


Palpable tear 
Age >60 years 
Dropped arm test positive 


THE HIP 


I. INTRODUCTION 

Hip pain may result from a variety of disorders, including hip arthritis, sacroiliac 
disease, extra-articular disease (e.g., trochanteric bursitis, iliopsoas bursitis), neuro¬ 
genic causes (e.g., meralgia paresthetica, sciatica), and, rarely, miscellaneous distant 
disorders (e.g., hernia). 
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EBM BOX 57.2 


Shoulder Pain—Combined Findings 


Finding 
(Reference ) 

Sensitivity 

(%) 

Specificity 

(%) 

Likelihood Ratio* 
if Finding Is 

Present Absent 

Detecting Rotator Cuff Tear 



Number of findings present (Murrell): 

(1) Impingement signs, (2) 

supraspinatus weakness, (3) infraspinatus weakness 22 

3 findings 

24 

100 

48.0 — 

2 findings 

37 

— 

4.9 

1 finding 

39 

— 

NS — 

0 findings 

1 

52 

0.02 

Number of findings 

present (Park): (1) Hawkins sign, (2) painful arc, (3) 

infraspinatus weakness 2 ' 



3 findings 

33 

98 

15.9 — 

2 findings 

35 

— 

3.6 — 

1 finding 

24 

— 

NS — 

0 findings 

9 

42 

0.2 


*Diagnostic standard: For rotator cuff tear, arthroscopy . 11:11 

'Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 
NS, Not significant. 

Click here to access calculator 

ROTATOR CUFF TEAR (COMBINED FINDINGS) 

Probability 

Decrease Increase 


-45% -30% -15% 


+15% +30% +45% 


0 . 02 - 


0.1 0.2 
■ i i 

0.5 i 2 

■ i i i i i i i i 

5 10 

■ i i i i i i .I. 




0 findings, Murrell score 
0 findings, Park score 


48 


3 findings, Murrell score 
3 findings, Park score 
2 findings, Murrell score 
2 findings, Park score 


II. THE FINDINGS 

The hip joint lies deep in the lower pelvis, surrounded by large muscles that protect 
it from direct contact with the external world, thus limiting the development of 
welblocalized somatic sensations. Consequently, some patients with hip arthritis 
develop groin pain, but many experience pain at distant sites in the cutaneous dis¬ 
tribution of nerves innervating the hip joint capsule, such as the thigh and knee 
(obturator and femoral nerves) or buttock (sciatic nerve). Unlike extra-articular 
causes of hip pain (e.g., trochanteric bursitis), hip disease affects the entire reper¬ 
toire of hip motion, including flexion, extension, abduction, adduction, and inter¬ 
nal and external rotation. 
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Q 


EBM BOX 57.3 


Diagnosis of Osteoarthritis, in Patients With Hip Pain 


Finding 

(Reference) 

Sensitivity 

(%) 

Specificity 

(%) 

Likelihood Ratio 3 
if Finding Is 

Present Absent 

Squat causes pain in 
posterior hip' 3 

24 

96 

6.1 

NS 

Abduction or adduction 
causes groin pain' 4 

33 

94 

5.7 

NS 

Active hip flexion causes 
lateral hip pain 3 

43 

88 

3.6 

NS 

Active hip extension causes 
hip pain 34 

Passive internal rotation 

52 

80 

2.7 

0.6 

<25 degrees 34 

76 

61 

1.9 

0.4 

<15 degrees 35 

39 

96 

9.9 

0.6 


*Diagnostic standard: For diagnosis of osteoarthritis, Kellgren—Lawrence score on plain radiographs 

>2 34 or presence of radiographic osteophytes and joint space narrowing. 35 

^Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 

NS, Not significant. 

Click here to access calculator 


LRs 


HIP OSTEOARTHRITIS 

Probability 

Decrease Increase 


-45% -30% -15% 

+15% 

+30% +45% 

0.1 0.2 0.5 1 

i i i i i i i i i . i 

2 

i i i 

5 10 

. i . . i i i i i i 


Internal rotation >25° 


LRs 


Internal rotation <15° 

Squat causes posterior hip pain 
Abduction or adduction causes groin 
pain 

Active hip flexion causes lateral hip pain 



Many patients with hip disease develop a characteristic limp, the coxalgic gait 
(see Chapter 7). 


III. CLINICAL SIGNIFICANCE 

In a study of 78 patients presenting with unilateral hip pain,’ 3 pain localized to 
the ipsilateral buttock (LR = 6.7) or groin (LR = 3.6) increased the probability 
of hip osteoarthritis. Additional findings increasing the probability of hip disease 
were posterior hip pain with squatting (LR = 6.1, EBM Box 57.3), groin pain with 
abduction or adduction (LR = 5.7), and hip pain with active flexion (LR = 3.6) or 
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TABLE 57.4 Ottawa Rule for Knee Fracture 37 38 


A knee radiograph is indicated (and the rule is positive) if any of the following are 
present: 

Aged >55 years 
Tenderness at head of fibula 
Isolated tenderness of patella* 

Inability to flex to 90 degrees 

Inability to bear weight both immediately and in the emergency department (four steps) 1 " 

*No bone tenderness of knee other than patella. 

'•‘Unable to transfer weight twice onto each lower limb regardless of limping. 


extension (LR = 2.7). In another study of 598 elderly patients with joint pain, limL 
tation of hip internal rotation to less than 15 degrees was a compelling argument 
for hip osteoarthritis (LR = 9.9). 35 


THE KNEE 


I. INTRODUCTION 

Knee pain affects up to 13% of the adult population and is second only to back pain 
among musculoskeletal complaints. 36 Common causes include arthritis (osteoarthri¬ 
tis, rheumatoid arthritis, gout, and pseudogout), bursitis (prepatellar and anserine 
bursitis), and injuries to ligaments or menisci. Among patients presenting with knee 
trauma, 6% to 12% have significant fractures on knee radiographs, 57 ' 45 and the most 
frequently injured internal structures are the medial collateral ligament, ACL, and 
menisci (injuries of the medial meniscus outnumber lateral ones by three to one). 46 ' 711 


II. THE FINDINGS 

A. OTTAWA RULES FOR KNEE FRACTURE 

Based on study of more than 1000 patients with acute blunt injury to the knee, 
Stiell and others have identified five independent predictors of clinically significant 
knee trauma (Table 57.4). 56 In this study the “knee” was broadly considered to 
include the patella, head and neck of the fibula, proximal 8 cm of the tibia, and 
distal 8 cm of the femur; significant trauma implied an injury requiring orthopedic 
consultation, splinting, or surgery. 

B. TESTS OF LIGAMENT INJURIES 

The stability of the knee depends on the joint capsule and two pairs of ligaments: 
the medial and lateral collateral ligaments, and the ACL and PCL. S The clinician 
tests each of these four ligaments by stressing the knee in a direction that the intact 
ligament would normally resist (specific tests appear below). If no movement occurs 
during stress testing or if small movements occur but abruptly end with a firm stop 


5 Tile crossed cruciate ligaments are named for their attachment to the tibial surface (i.e., the 
ACL crosses from the posterior femur to the anterior tibia; the PCL crosses from the anterior 
femur to the posterior tibia). “Cruciate” derives from Latin cruciatus, meaning “cross-shaped.” 
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(i.e., a “hard” endpoint), the ligament is intact. If there is excessive laxity of move¬ 
ment or a “soft” or “mushy” endpoint, the ligament is damaged. 

Blunt trauma to the outside of the knee is associated with injury of the medial col¬ 
lateral ligament; trauma to the inside of the knee suggests injury of the lateral collateral 
ligament. Twisting of the knee after planting the foot is the characteristic mechanism 
of ACL injury, whereas deceleration of the flexed knee on a hard surface (e.g., strik¬ 
ing the knee against the dashboard in an automobile accident) often precedes PCL 
injury. The mechanism of meniscal injuries resembles that of ACL injuries—twisting 
the knee after planting the foot—but unlike ACL injuries which are associated with 
immediate knee swelling, meniscal injuries cause swelling that appears only after a 
delay of several hours (because the menisci are relatively avascular). 

I. ANTERIOR CRUCIATE LIGAMENT 

The ACL prevents anterior subluxation of the tibia on the femoral head. There are 
three common tests for this ligament: the anterior drawer sign, Lachman sign, and 
the pivot shift sign (Figs. 57.9 to 57.11). 




FIG. 57.9 ANTERIOR DRAWER SIGN. The patient lies supine with hip flexed at 45 degrees, 
knee flexed at 90 degrees, and foot flat on the table. The clinician sits on top of the patient's foot 
to stabilize it and then stresses the ACL ligament by grasping the patient's upper calf and pulling 
forward. Abnormal anterior subluxation of the tibia (arrow) with a soft end point is a positive test. 
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The pivot shift sign refers to the tendency of the tibia to sublux anteriorly in 
ACL-deficient knees when the knee is between 0 and 30 degrees of flexion, and the 
spontaneous reduction of the subluxed tibia as the knee is flexed past 40 degrees. 56,5 1 
Patients with ACL injuries notice the pivot shift phenomenon themselves when 
they plant their foot with extended knee in front of them (e.g., stopping suddenly 
from a run causes the tibia to shift forward, producing the sensation of the knee 
“giving away”). Fig. 57.12 explains the mechanism of the pivot shift phenomenon. 
What specifically is responsible for the sudden reduction at 40 to 50 degrees is 
controversial, but most experts believe it is the pull of the iliotibial tract (whose 
action abruptly changes from a knee extensor to knee flexor beyond 40 degrees of 
flexion) 56,58 ' 59 and the geometric peculiarities of the convex tibial surface. 57,60 

Descriptions of the anterior drawer sign have been found in writings from the 
1870s. 1, The Lachman test was attributed to the American orthopedic surgeon John 
Lachman by one of his students in 1976, 62 although the same sign was described 
a century earlier by European clinicians. 61 Photographs of patients demonstrating 
their own pivot shift phenomenon were published in 1920, 63 but the pivot shift 
test was formally described in 1972. 69 The term itself is confusing, but according to 
Liorzou’ 8 it originated from an interview with a hockey player who stated, “When 
I pivot, my knee shifts.” 




FIG. 57.10 LACHMAN SIGN. Lachman sign differs from the anterior drawer sign (see Fig. 
57.9) by the position of the knee during testing. In Lachman test the hip is extended and the knee 
flexed at only 20 degrees. The clinician grasps the lower thigh with one hand and the upper calf 
with the other, pulling forward on the tibia to stress the ligament and reveal the abnormal anterior 
subluxation of the tibia (arrow). 
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0° flexion 30° flexion 45° flexion 

FIG. 57.1 I PIVOT SHIFT SIGN. Many variations of this test have been published, 54 but the 
most common version begins with the patient supine, hip and knee extended. The clinician lifts the 
patient's leg, one hand over the fibula and the other at the ankle, pushing medially on the fibula (i.e., 
providing a valgus stress) and rotating internally the ankle and foot (and thus tibia). While maintaining 
these valgus and rotational stresses, the examiner slowly flexes the patient's knee. In the anterior 
cruciate ligament-deficient knee, the tibia subluxes anteriorly, almost imperceptibly, during the initial 
0 to 30 degrees flexion with these applied forces (small arrow). However, at 40 to 50 degrees the 
tibia suddenly subluxes posteriorly (the shift), which constitutes a positive pivot shift test (and recalls 
for many patients the sensation of their “knee giving way"). 55 


2. POSTERIOR CRUCIATE LIGAMENT 

The PCL is the least likely internal structure of the knee to be injured. 47 Because 
this ligament resists posterior subluxation of the tibia on the femur, the conven¬ 
tional test is the posterior drawer sign (Fig. 57.13). 

3. COLLATERAL LIGAMENTS 

Injury to either collateral ligament is identified by applying a varus or valgus stress 
to the knee and noting abnormal movement when compared with the contralateral 
side. Testing is performed with the knee straight and at 20-degree flexion. Excessive 
movement during valgus stress indicates injury to the medial collateral ligament; 
excessive movement during varus stress indicates injury to the lateral collateral 
ligament. 

C. TESTS OF MENISCAL INJURIES: THE MCMURRAY TEST 

Tears of the anterior meniscus or large bucket-handle tears often displace tissue 
between the articular surfaces of the anterior tibia and femur, thus preventing full 
extension of the knee (or locking), a characteristic sign of meniscal injury. 
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INTERNAL ROTATION 


Intact ACL 



on tibia on femur above 


Damaged ACL 



0-30° FLEXION —► ANTERIOR DISPLACEMENT OF TIBIA 
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FIG. 57.12 MECHANISM OF THE PIVOT SHIFT. The pivot shift phenomenon (i.e., positive 
test) refers to anterior displacement of the tibia with respect to the distal femur during the first 30 
degrees of flexion and the sudden backward return of the tibia to its normal position after approxi¬ 
mately 40 to 50 degrees flexion (see Fig. 57.1 I ). This figure depicts what happens during internal 
rotation (top row), 0 to 30 degrees flexion (middle row), and beyond 40 to 50 degrees flexion (bottom 
row) in the ACL-deficient knee. (I ) lop row (view of the tibial plateau from above): Because of its 
oblique orientation (left), the ACL is the key ligament resisting internal rotation of the tibia (this also 
explains why many ACL injuries occur after the athlete plants the foot and then rotates the knee). If 
the ACL is torn (right), internal rotation causes excessive anterior movement of the tibia (with respect 
to the femur). (2) Middle row (0 to 30 degrees flexion): The left figure shows the orientation of the 
ACL, and the blue arrowheads mark contiguous points on the femur and tibia when the knee is fully 
extended. During flexion of the knee when the ACL is intact (middle figure), the femur glides on 
the tibia, which results in a large surface area of the femur (light blue shading) contacting a relatively 
small area on the tibia. If the ACL is damaged (right figure), such gliding does not occur and instead 
the femur rolls back on the tibia, which displaces the tibia anteriorly (see vertical dotted line). A valgus 
stress is applied during the pivot shift test because it ensures contact between the lateral femoral 
condyle and lateral tibial plateau, as occurs during normal weight bearing. (3) Bottom row: When the 
knee is extended (left), the iliotibial tract is relaxed and lies in front of the axis of flexion (dark circle). 
At 30-degree flexion (middle), the iliotibial tract is still in front of the axis of flexion, but it becomes taut 
in the ACL-deficient knee as the tibia is displaced anteriorly. At 45-degree flexion (right), the iliotibial 
tract suddenly falls behind the axis of flexion, thus shifting from an extensor to a flexor of the knee 
and pulling the tibia backward into its normal alignment (the shift). ACL, Anterior cruciate ligament. 



FIG. 57.13 POSTERIOR DRAWER SIGN. With the patient positioned as for the anterior 
drawer sign (see Fig. 57.9), the clinician pushes posteriorly on the patient’s upper calf. In the pos¬ 
terior cruciate ligament-deficient knee, this force reveals an abnormal posterior tibial movement 
(arrow) with a soft endpoint. 


Because tears of the posterior half of the meniscus are unlikely to cause locking 
and are therefore more difficult to detect, the British orthopedic surgeon McMurray 
proposed in 1949 additional diagnostic tests, one of which is now called the 
McMurray test (Fig. 57.14). 51 ** 


** One way to help to recall the correct positioning of the McMurray test: testing the medial 
(i.e., inner) meniscus is analogous to the patient squatting with both feet externally rotated; 
testing the lateral (outer) meniscus is analogous to the patient squatting with both feet inter' 
nally rotated (i.e., pigeon-toed). One author has converted this squatting maneuver into a 
clinical test (the Ege test). 65 
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FIG. 57.14 THE MCMURRAY TEST. The clinician flexes the patient’s knee fully against the 
buttock and rotates the tibia (by grasping the patient’s foot and ankle). The purpose of rotation 
is to bring the torn meniscal fragment, located on the posterior half of the meniscus, anterior to 
the curved surface of the femoral condyle: external rotation brings forward the medial meniscus; 
internal rotation, the lateral meniscus. Therefore this figure depicts testing of the medial meniscus: 
the clinician places a free hand over the medial joint line, fully flexes the patient's knee, and then 
rotates the tibia externally. The clinician slowly extends the knee while maintaining this rotational 
force, thereby forcing the medial femoral condyle to glide forward on the tibia and over any torn 
fragment of meniscus. When the femur passes over the torn fragment, a palpable snapping sensa¬ 
tion may be detected at the medial joint line (a positive test). To test the lateral meniscus, the clini¬ 
cian repeats the test while internally rotating the knee and palpating the lateral joint line. Popular 
orthopedic textbooks 66 and review articles 53 ' 67,68 add varus and valgus stresses to their definitions 
of the McMurray test, although McMurray did not include this in his original description nor were 
they used in clinical studies testing the sign's accuracy (see EBM Box 57.6). 


III. CLINICAL SIGNIFICANCE 

A. DETECTING OSTEOARTHRITIS 

In a study of 237 patients with various forms of chronic knee pain (i.e., osteoarthri¬ 
tis, rheumatoid arthritis, mensical or ligament injuries, osteonecrosis, gout, septic 
arthritis, and other assorted connective tissue disorders), the following findings 
increased the probability of osteoarthritis in the knee: palpable bony enlargement 
(LR = 11.8; EBM Box 57-4), genu varum deformity (LR = 3.4), stiffness lasting for 
less than 30 minutes (LR = 3), and presence of at least three of six characteristic 
findings listed in EBM Box 57.4 (LR = 3.1). The findings that decrease probabil¬ 
ity of osteoarthritis in the knee are fewer than three characteristic findings (LR = 
0.1), morning stiffness lasting for more than 30 minutes (LR = 0.2), and absence 
of crepitus (LR = 0.2). The presence of valgus deformity is diagnostically unhelp¬ 
ful (LR not significant), occurring just as often in patients with osteoarthritis as 
alternative diagnoses. 

In another study of 598 elderly patients with painful, stiff joints, inability to flex 
the knee more than 120 degrees accurately detected radiographic changes of osteo¬ 
arthritis (sensitivity = 13%, specificity = 96%, positive LR = 3.4). 

B. DETECTING KNEE FRACTURE 

In patients presenting to emergency departments with knee trauma, the following 
findings increase probability of a clinically significant knee fracture: inability to flex 
the knee beyond 60 degrees (LR = 4-7; EBM Box 57.5), inability to bear weight 
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Diagnosis of Osteoarthritis, 
Knee Pain 


in Patients with Chronic 


Likelihood Ratio* 


Finding 
(Reference) 1 

Sensitivity 

(%) 

Specificity 

(%) 

if Finding Is 

Present Absent 

Individual Findings 





Stiffness <30 min 

85 

72 

3.0 

0.2 

Crepitus, passive motion 

89 

58 

2.1 

0.2 

Bony enlargement 

55 

95 

11.8 

0.5 

Palpable increase in 

14 

52 

0.3 

1.6 

temperature 





Valgus deformity 

24 

83 

NS 

NS 

Varus deformity 

22 

93 

3.4 

0.8 

Combined findings: (1) Age 

>50 years; 

(2) Stiffness 

<30 min; (3) Crepi- 

tus; (4) Bony tenderness along margins 

of joint; (5) Bone enlargement; (6) 

No palpable warmth 





At least 3 out of 6: 

95 

69 

3.1 

0.1 


*Diagnostic standard: For diagnosis of osteoarthritis, consensus of experts after review of patient's 
course, laboratory tests, and radiographs. 

'''Definition of findings: For morning stiffness <30 min, when applied only to patients complaining of 
morning stiffness and knee pain. 

^Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 

NS, Not significant. 

Click here to access calculator 


KNEE OSTEOARTHRITIS 

Probability 


Decrease 


Increase 


-45% -30% -15% 


+15% +30% +45% 


LRs 

_o 

_ o 
ho 

0.5 1 2 

.. 

5 10 

■ i i i i i i iii 

LRs 

Combined findings, 2 or fewer 


\ 

Palpable bony enlargement 


Stiffness >30 minutes 
Absence of crepitus 
Palpable increase in temperature 


Varus deformity 
Combined findings, 3 or more 
Stiffness <30 minutes 


immediately after the injury and in the emergency department (LR = 3.6), tender- 
ness at the head of the fibula (LR = 3.4), and age of 55 years or older (LR = 3). A 
negative Ottawa knee rule (i.e., lacking all five predictors from Table 57.4) greatly 
decreases probability of knee fracture (LR = 0.1). 

C. DETECTING LIGAMENT AND MENISCAL INJURIES 

Most studies of soft tissue injuries of the knee are vulnerable to both selection bias 
(i.e., only patients scheduled for surgery are enrolled) and verification bias (i.e., the 
surgeons who operated on the patients are also the clinicians who examined the 
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O s EBM BOX 57.5 


Clinically Significant Knee Fracture 


Finding 


Sensitivity Specificity 


Likelihood Ratio* 
if Finding Is 


(Reference) 

(%) 

(%) 

Present 

Absent 

Individual Findings 

Age >55 years 37 ' 39 

23-48 

87-88 

3.0 

NS 

Joint effusion 37 ' 39,70 

54-79 

71-81 

2.5 

0.5 

Ecchymosis 39 

Limitation of Knee Flexion 37 " 39 

19 

91 

NS 

NS 

Not able to flex beyond 

42-65 

78-80 

2.9 

0.5 

90 degrees 

Not able to flex beyond 

46-49 

90 

4.7 

0.6 

60 degrees 

Isolated tenderness of 

25-31 

85-89 

2.2 

0.8 

patella 1 ' 39 

Tenderness at head of 

12-32 

92-95 

3.4 

NS 

fibula 37 ' 39 

Inability to bear weight, 

46-58 

81-89 

3.6 

0.6 

immediately and in emer¬ 
gency department 1 ' i9 





Combined Findings 

Ottawa rule positive 37 ' 15 

81-99 

19-54 

1.7 

0.1 


•Diagnostic standard: For clinically significant knee fracture, one requiring orthopedic consultation, 
splinting, or surgery (i.e., one >5 mm in breadth or one associated with complete tendon or 
ligament disruption). 

'''Definition of findings: For isolated tenderness of the patella, no bony tenderness elsewhere on 
the knee; 37 for inability to bear weight immediately and in emergency department, unable to transfer 
weight twice onto each lower limb regardless of limping; for Ottawa rule positive, see Table 57.4. 
♦Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 

NS, Not significant. 

Click here to access calculator 


CLINICALLY SIGNIFICANT KNEE FRACTURE 

Probability 

Decrease Increase 


-45% -30% -15% 


+15% +30% +45% 


LRs 


0.1 

_L_ 


0.2 

_I_i 


0.5 

i i i 


10 
jJ_ 


Negative Ottawa knee rule 


LRs 


| Inability to flex beyond 60° 
Inability to bear weight, 
immediately and in ER 
Tenderness at head of fibula 
Age >55 years 
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patients). Nonetheless, these biases may be less important than expected because 
other studies using independent diagnostic standards (e.g., magnetic resonance 
imaging [MRI]) 1! ■ 2 reveal similar diagnostic accuracy for these clinical signs. 

I. ANTERIOR CRUCIATE LIGAMENT INJURY 

Any of the three physical tests of ACL injury, when positive, increase the probabil¬ 
ity of ACL injury: Lachman sign (LR = 19.5; EBM Box 57.6), anterior drawer sign 
(LR = 13.6), and pivot shift sign (LR = 8.8). However, only the absence of Lachman 
sign significantly decreases the probability of ACL injury (LR = 0.2). 

Lachman sign is more sensitive than the anterior drawer sign for three reasons: 02 
(1) Hemarthrosis from acute ACL injury impairs knee flexion and thus prevents 
testing of the anterior drawer test. (2) Tense hamstring muscles, irritated from pain, 
directly oppose forward subluxation of the tibia during the anterior drawer sign 
(knee at 90 degrees) but not when the knee is at 20 degrees (i.e., at this angle the 
hamstring’s pull is almost perpendicular to anterior subluxation of the tibia). (3) 
The thick posterior edge of the medial meniscus acts as a wedge against the curved 
femoral condyles and prevents anterior subluxation of the tibia when the knee is at 
90 degrees (i.e., anterior drawer sign) but not when it is at 20 degrees (i.e., Lachman 
sign). In support of this last hypothesis, the sensitivity of the anterior drawer sign in 
one study increased from 50% to 100% after medial meniscectomy. 02 


EBM BOX 57.6 


Ligament and M eniscal Injuries 


Finding 
(Reference ) 

Sensitivity 

(%) 

Specificity 

(%) 

Likelihood Ratio 1 ' 
if Finding Is 

Present 

Absent 

Detecting Anterior Cruciate 

Ligament Tear 



Anterior drawer sign 48,6 -' 

27-94 

91-99 

13.6 

0.4 

71-75 





Lachman sign 48 ’ 62 ’ 71 ' 75 ' 75 

48-96 

90-99 

19.5 

0.2 

Pivot shift sign 48 ' 71 ' 73 ’ 75 

6-61 

95-99 

8.8 

0.7 

Detecting Posterior Cruciate 

Ligament Tear 



Posterior drawer sign 47,76 

90-95 

99 

97.8 

0.1 

Detecting M eniscal Injury 





McMurray sign 49,50 ’ 7 7-82 

17-80 

77-98 

4.0 

0.6 

Joint line tender¬ 

55-92 

30-83 

1.8 

0.5 

ness 50 ’ 77 ' 79 ' 83 ’ 84 





Block to full extension 50 

44 

86 

3.2 

0.7 

Pain on forced exten¬ 

47-51 

67-70 

1.6 

0.7 

sion 50 ’ 77 





Detecting Medial Collateral Ligament Injury 

Valgus stress laxity 48,85,86 79-89 49-99 

7.7 

0.2 

Detecting Lateral Collateral Ligament Injury 

Varus stress laxity 86 25 98 

16.2 

NS 
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^Diagnostic standard: For anterior cruciate tear, MRI , 71,72 arthroscopy , 48 ’ 73 ' 75 or surgery ; 62,74 for 
posterior cruciate tear, arthroscopy; for meniscal tear, arthroscopy; for collateral ligament tears, 
arthroscopy 48 86 or MRI . 85 

'"Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 

MRI, Magnetic resonance imaging; NS, not significant. 

Click here to access calculator 


LIGAMENT INJURIES 

Probability 


Decrease 


Increase 


LRs 


-45% -30% -15% 

+15% 

+30% 

+45% 

0.1 0.2 0.5 i 

i i i i i i . ■ i ■ i 

2 

i i i 

5 

i i i i 

10 

III ill 


Negative posterior drawer sign, 
arguing against PCL tear 

Negative Lachman sign 
arguing against ACL tear 

Negative valgus stress laxity, 
arguing against MCL tear 


Posterior drawer sign 
(PCL tear) 

Lachman sign (ACL tear) 
Varus stress laxity (LCL tear) 
Anterior drawer sign (ACL tear) 
Pivot shift sign (ACL tear) 

Valgus stress laxity (MCL tear) 


MENISCAL INJURIES 

Probability 

Decrease Increase 

-45% -30% -15% +15% +30% +45% 


LRs 


0.1 0.2 0.5 1 2 5 10 

_l_I...i l . . .i _L 


LRs 


McMurray sign 
Block to full extension 


In three clinical studies, expert clinicians combining the patient interview and 
clinical examination accurately diagnosed ACL tears (as detected by subsequent 
arthroscopy: sensitivity = 86% to 96%, specificity = 98% to 99%, positive LR = 
49.6, negative LR = 0.1). 47,75,87 

2. POSTERIOR CRUCIATE TEAR 

Two studies demonstrated the accuracy of bedside examination for posterior cruci¬ 
ate tear (positive LR = 97.8, negative LR = 0.1; see EBM Box 57.6). Unfortunately, 
neither study specifically identified the technique used at the bedside, although it 
almost certainly included the posterior drawer sign. 

3. MENSICAL INJURY 

Both the positive McMurray sign (LR = 4) and block to full extension of the knee 
(LR = 3.2) increase probability of a meniscal tear. However, no finding significantly 
decreases the probability, except for absence of joint line tenderness (LR = 0.5), 
which decreases probability only slightly. It is possible that the presence of joint line 
tenderness reflects accompanying injury of the joint capsule or collateral ligaments, 
rather than injury to the meniscus per se. 
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The above studies address diagnosis of any meniscus injury. Three studies have 
addressed whether expert clinicians combining the patient interview with clinical 
examination can accurately diagnose and localize the injured meniscus. In these 
studies, clinicians were slightly more accurate ruling out medial meniscus injury 
(sensitivity = 88% to 95%, specificity = 56% to 79%, positive LR = 3.4, negative 
LR = 0.1) and ruling in lateral meniscus injury (sensitivity = 51% to 55%, specificity 
= 90% to 96%, positive LR = 8.6, negative LR = 0.5). 47, 87,88 

4. COLLATERAL LIGAMENTS 

The presence of valgus stress laxity accurately indicates a tear of the medial collateral 
ligament (positive LR = 7.7; see EBM Box 57.6), and the presence of varus stress lax- 
ity indicates a tear of the lateral collateral ligament (LR = 16.2). The absence of valgus 
stress laxity decreases probability of a medial collateral ligament tear (LR = 0.2). 

5. VARIABLES AFFECTING SENSITIVITY OF SIGNS 

Signs of ligament injury are more likely to be positive if: (1) the ligament tear is 
complete, not partial, 8 (2) the injury is chronic, not acute, 89,90 and (3) multiple 
ligaments are injured (e.g., in ACL-deficient knees, the anterior drawer sign is more 
likely to be positive if the medial collateral ligament is also injured). 91 In addition, 
the degree to which the patient is relaxed influences the sensitivity of these signs, 
as illustrated by the observation that the sensitivity of most tests increases when 
patients are examined under anesthesia. 981 " ' 89,91 

6. PREDICTING THE NEED FOR KNEE SURGERY 

If all knee injuries were managed conservatively (e.g., by rest, bracing, and physical 
therapy), the detailed bedside examination described above would have limited clini- 
cal utility. However, one study enrolled patients with knee pain and demonstrated that 
many of these physical signs—limited knee flexion (<120 degrees) or extension, medial 
or lateral joint line tenderness, a positive McMurray test, a positive Lachman test, and a 
positive anterior drawer sign—independently predicted whether an experienced ortho¬ 
pedic surgeon would recommend nonarthroplasty knee surgery to the patient. 92 


THE ANKLE 


I. INTRODUCTION 

In patients presenting with ankle or foot injuries to emergency departments, 8% to 
14% are found to have a clinically significant fractures. 93 ' 99 Achilles tendon rupture 
typically occurs during sports activities when the athlete forcibly plantarflexes the 
ankle (“pushes off’ during running or jumping) or dorsiflexes it forcibly. 100 


II. THE FINDING 

A. OTTAWA ANKLE AND MIDFOOT RULES 

Stiell and others have developed a prediction rule for clinical significant injuries, 
called the Ottawa ankle rule. 101,102 This rule focuses on the presence of tenderness 
at four locations and whether the patient is able to bear weight both immediately 
after the accident and later in the emergency department (Fig. 57.15). Importantly, 
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An ankle x-ray series is only necessary if 
there is pain near the malleoli and any of 
these findings: 

(1) Inability to bear weight both 
immediately and in emergency 



A foot x-ray series is only necessary if 
there is pain in the midfoot and any of 
these findings: 

(1) Inability to bear weight both 
immediately and in emergency 



FIG. 57.15 OTTAWA RULE FOR ANKLE OR MIDFOOT FRACTURE. The rule for ankle 
pain is the top figure; the rule for midfoot pain is the bottom figure. The rule is positive if any indi¬ 
cation for radiography is met. “Inability to take four steps" means the patient is unable to transfer 
weight twice onto each lower limb regardless of limping. Importantly, these rules apply only to 
patients with injury of the ankle or midfoot, and they exclude patients with injury to the body or 
tuberosities of the calcaneus. Based upon reference 101. 
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it applies only to patients with injury of the ankle (i.e., distal 6 cm of tibia and fibula 
and talus) and midfoot (i.e., navicular bone, cuboid, cuneiforms, anterior process 
of the calcaneus, and base of the fifth metatarsal) and not to injury of the body and 
tuberosities of the calcaneus or injury more than 10 days old. 

B. ACHILLES TENDON RUPTURE 

Many patients with ruptured Achilles tendons can still plantarflex the ankle, thus 
potentially misleading clinicians into thinking the Achilles tendon is intact (i.e., 
the tibialis posterior and peroneus muscles, which attach to the midfoot bones, 
plantarflex the foot). Consequently, special tests for Achilles tendon rupture have 
been developed. These tests, illustrated in Fig 57.16, rely on palpation of the injured 
tendon (palpable gap) or demonstration of absent tendon function (calf squeeze test 
and knee flexion test). 


III. CLINICAL SIGNIFICANCE 

A. ANKLE AND MIDFOOT FRACTURES 

In patients with ankle injury, the finding of tenderness of the posterior medial mab 
leolus increases probability of fracture (LR = 4.8; EBM Box 57.7), and the findings 
of negative Ottawa ankle rule (LR = 0.1) and ability to bear weight four steps 
in the emergency room (LR = 0.3) decrease probability. Specificity of the Ottawa 
ankle rule may improve by substituting tuning-fork tenderness for tenderness with 
palpation. 111 

In patients with midfoot pain, tenderness at the base of the fifth metatarsal bone 
increases the probability of fracture a small amount (LR = 2.9). A negative Ottawa 
foot rule argues for greatly decreased probability of midfoot fracture (LR = 0.1), 
though much of this argument rests on the absence of tenderness at the base of the 
fifth metatarsal bone (LR = 0.1). 

Other studies combining the ankle and foot rules have confirmed their accu- 
racy 93 ' 99 ' 113 ’ 111 ! and shown they reduce the need for radiographs by 14% to 34% and 
decrease medical costs and patient waiting times. 94,96 ' 98,101,107,1 15-118 

B. ACHILLES TENDON RUPTURE 

All three signs of Achilles tendon rupture accurately increase probability of a torn 
tendon if present (LRs = 6.2 to 13.5; EBM Box 57.8) and decrease probability if 
absent (LRs = 0.05 to 0.3). 
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NORMAL 


RUPTURED 
ACHILLES TENDON 


Palpation of tendon 





No movement 


Knee flexion test (Matles test) 




FIG. 57.16 TESTS FOR RUPTURE OF THE ACHILLES TENDON. 103 All tests are per¬ 
formed with the patient lying prone and his or her feet extending over the end of the examination 
table. The patient’s asymptomatic side serves as a control (for each test, a patient with an intact 
Achilles tendon is depicted on the left, compared with a patient with a ruptured Achilles tendon on 
the right). (I) Palpable gap in tendon (top): The clinician gently palpates the course of the tendon, 
searching for gaps, which if present usually lie between 2 and 6 cm from the calcaneus. 100 (2) Calf 
squeeze test (Simmonds-Thompson test, middle): The clinician gently squeezes the patient’s calf 
in its middle third and just below the place of widest girth, observing the ankle for movement. If 
the tendon is intact, the ankle should plantarflex. Absence of movement or minimal movement 
is a positive response. The normal plantar flexion of the ankle results from compression of the 
soleus muscle, which bows the Achilles tendon posteriorly. 104 (3) Knee flexion test (Matles test, 
bottom). The clinician observes the position of the patient’s ankles as the patient flexes both knees 
to 90 degrees (the knees may be flexed individually or simultaneously). The ankle remains slightly 
plantar flexed if the tendon is intact; slight dorsiflexion or a neutral position of the ankle is the positive 
response. Thompson described the calf squeeze test in 1962, 100 pointing out that the test could be 
performed with the patient prone or kneeling on a chair. Simmonds described the identical test in 
1957. 105 Matles described the knee flexion test in 1975. 106 
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Q 


EBM BOX 57.7 


Ankle and Midfoot Fracture 





Likelihood Ratio* 

Finding 

Sensitivity 

Specificity 

if Finding Is 



(Reference) ' 

(%) 

(%) 

Present 

Absent 

Detecting Ankle Fracture 
Tenderness over posterior 

69-76 

65-74 

2.4 

0.4 

lateral malleolus 101,102 
Tenderness over posterior 

34-47 

87-95 

4.8 

0.6 

medial malleolus 101,102 
Inability to bear weight im- 

61-68 

72-79 

2.6 

0.5 

mediately after injury 101,102 
Inability to bear weight four 

80-85 

64-70 

2.5 

0.3 

steps in the emergency 
room 101,102 





Ottawa ankle rule 94,96,101,107 ' 

94-100 

16-44 

1.5 

0.1 

110 





Detecting Midfoot Fracture 
Tenderness at the base 

92-94 

66-69 

2.9 

0.1 

of the fifth metatarsal 

bone 101,102 





Tenderness of navicular 

3-12 

74-90 

0.4 

NS 

bone 101,102 

Inability to bear weight im- 

18-28 

74-82 

NS 

NS 

mediately 101102 

Inability to bear weight four 

38-45 

58-67 

NS 

NS 

steps in the emergency 
room 101,102 





Ottawa foot rule 96,101,107 ' 

88-99 

21-79 

2.1 

0.1 

109,111 






*Diagnostic standard: For clinically significant ankle or midfoot fracture, bone fragments >3 mm in 
breadth (i.e., a size that might require plaster immobilization). 

"^Definition of findings: For Ottawa ankle and foot rules, see Fig. 57.15. 

^Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR. 

NS, Not significant. 

Click here to access calculator 


ANKLE AND MIDFOOT FRACTURE 

Probability 

Decrease Increase 


LRs 


-45% -30% -15% 

+15% 

+30% +45% 

0.1 0.2 0.5 i 

■ i i i i i i i i i i 

2 

i i i 

5 10 

■ i i i i i i i i . 


LRs 


Negative Ottawa ankle rule, 
arguing against ankle fracture 

Negative Ottawa foot rule, 
arguing against midfoot fracture 


Tender posterior medial malleolus, 
detecting ankle fracture 

Tender base of 5th metatarsal, 
detecting midfoot fracture 
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Q 


EBM BOX 57.8 


Achilles Tendon Tear 


Finding 
(Reference ) 

Sensitivity 

(%) 

Specificity 

(%) 

Likelihood Ratio 1 
if Finding Is 

Present Absent 

Palpable gap in Achilles 
tendon 

73 

89 

6.8 

0.3 

Calf squeeze test 

96 

93 

13.5 

0.05 

Knee flexion test 

88 

86 

6.2 

0.1 


•Diagnostic standard: For Achilles tendon tear, surgical findings or (in patients without surgery) 
ultrasonography or magnetic resonance imaging, 

'''Likelihood ratio (LR) if finding present = positive LR; LR if finding absent = negative LR 

Click here to access calculator 


ACHILLES TENDON TEAR 

Probability 

Decrease Increase 


-45% -30% -15% 


+15% +30% +45% 


LRs 

0.1 0.2 
. i i . 

0.5 i 2 

i i i i . i i . i . i 

5 10 

1 L.l 1 1 1 . 1 1_1_ 

Calf squeeze test nepaf/ve^j 


/ 

Calf squeeze te 

Knee flexion test negative 


Palpable gap 


Absence of palpable gap 


LRs 


Knee flexion test positive 


The references for this chapter can be found on www.expertconsult.com. 
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